INTRODUCTION
In an era of resource constraints, the need for hospital managers and health administration personnel to design different methods of analysing hospital performance has become a ubiquitous phenomenon. Ranking efficient hospitals over inefficient ones provides a yardstick for hospital managers to ascertain and cut down potential inefficiencies, and provide health administration authorities with measures that may be used to reward the efforts of good managers (Álvaro & Fique, 2011) . The quest for better performance of hospitals has led to an extensive literature on health care provision in most national health systems and on efficiency analysis in particular. Many international institutions especially the World Health Organization (WHO) and the World Bank, have recommended that countries should adopt universal health care coverage to ensure good health to its citizens, consistent with the fundamental human right of life (Amy & Robert, 2006) . Hernandez & Miguel (2014) suggested that "improving the performance of health systems in low-and middle-income countries (LMIC) can help redress health iniquities and make the right to health a reality for vulnerable populations". The World Health Assembly (2000) has also emphasized that "people's health and well-being depend essentially on the performance of the health systems that serve them" (Nazgul, 2011) .However, healthcare systems especially in the case of developing countries are faced with a major challenge of resource scarcity as they often have insufficient resources to respond to all health problems. Over the years, more emphasis in Cameroon has continuously been laid on increasing budgetary allocations to the sector while neglecting an assessment of the corresponding improvements in health outcomes. Further, an increase in the allocation of resources for healthcare often come at the expense of other national priorities including education, housing, water, national defense etc. Proper management of limited healthcare resources then becomes fundamental if the system has to meet up with its objective of improving the health of the population. It has also been shown in the literature that public health spending may have insignificant impact on the population's health status; because of the failure of health resources to translate into improved services (Njong & Ngantcha, 2013) . Their analyses based on the first Public Expenditure Tracking Survey data of Cameroon in 2004 also revealed that 18.8% of the actual budget allocations of decentralized health services in the Ministry of Public Health in Cameroon do not reach them and health centres which are the most prominent in providing healthcare receive only 26.4% of their actual budgets contained in the recurrent expenditures of the decentralised health services.
The existing evidence suggests there is inefficiency in the public health sector in Cameroon (Njong&Ngantcha, 2013; Nguenda, 2012; Sjaak, 1982 ). Notwithstanding, the actual level of efficiency of public hospitals in Cameroon is still not known and the way efficiency vary by type of health facility (Sub Divisional Medical Centres, Integrated Health Centres, District Hospitals) and location(Urban, Semi-Urban and Rural)is yet to be determined. It is for this reason that the paper is set out to determine the level of technical efficiency of public hospitals in Cameroon. The remainder of this paper is organized as follows. Section 2 reviews the literature. Section 3 details the methodology. Section 4 presents the results and Section 5 concludes.
LITERATURE REVIEW
According to Coelli (1996) , modern efficiency measurement begins with Farrell (1957) who drew upon the works of Debreu (1951) and Koopmans (1951) to define a simple measure of firm efficiency which could account for multiple inputs. He suggested that the efficiency of a firm consist of technical efficiency which reflects the ability to obtain maximal output from a given set of inputs and allocative efficiency which reflects the ability of a firm to use the inputs in optimal proportions given their respective prices. These two measures can then be combined to provide a measure of total economic efficiency. In economic terms, the concept of efficiency can be defined as the relationship between scarce factor inputs and outputs. It examines how well scarce resources are converted into outputs. Health services are interventions provided to improve health for people in different health systems. This reflects the primary objective of health care from a social perspective. In this context, health care efficiency refers to how well health care resources are used to obtain health improvements (Peacock et al., 2001) .
Technical efficiency seeks to identify in physical terms, the best possible combination of factor inputs to produce a given output (Nunamaker, 1985) . In a health system, this implies that technical efficiency refers to the physical relation between resources (costs, in the form of labour, capital, or equipment) and health outcome (numbers treated, waiting time, etc.) or final health outcomes (lives saved, life years gained, quality adjusted life years [QALYs] ). Nunamaker describes technical efficiency as a measure of the ability of a Decision Making Unit (DMU) to avoid waste by producing as much output as input usage will allow, or using as little input as an output level will allow. This definition is however specific to the one most commmonly used in sectors such as agriculture and manufacturing where they have clearly defined outputs unlike in the health sector where intermediate outputs are often used as proxies for the final output that people seek to achieve(health). Technical efficiency in health economics therefore assesseswhether healthcare interventions for particular health units (such as the treatment of illnesses) are each performed with the least amount of inputs. A technically efficient position is achieved when the maximum possible improvement in outcome is obtained from a set of resource inputs. Different doctrines have emerged in the last three decades that explain efficiency of public health facilities. Agency and property-rights theories provide different explanations for a common outcome in the hospital sector. "They often hypothesize that Private for-profit ownership is better to public and private non-profit ownership because private for-profit ownership is associated with a higher productive efficiency" (Meryem, 2000) . These theories purport that differences in efficiency emerge as a consequence of the variance in objectives, incentives, and control mechanisms between ownership types, location etc. Existing theoretical evidence from both property rights and agency theories therefore seem to suggest that private institutions produce more efficiently than their public counterparts. Hollingsworth (2008) reviewed literature on frontier efficiency measurement techniques in healthcare from the early 1980s up to mid-2006 and found a total of 317 published studies, 80 % of which made use of non-parametric DEA while most of the other studies used parametric stochastic frontier analysis (SFA). He reviewed studies on efficiency differences of hospital ownership and found 39 studies and concluded that public hospitals in Europe and the United States appear to be more efficient than their private for profit and non-profit counterparts. This has been supported by the works of Ozcan, Luke, and Hakseve (1992); Burgess and Wilson (1996) ; Koop, Osiewalski, and Steel (1997) ; Chirikos and Sear (2000) . However, other empirical works contend that public hospitals are generally less efficient than private hospitals as seen in Wouters (1993); Zuckerman, Hadley, and Iezzoni(1994); Ferrier and Valdmanis(1996); Chang, Chang, Das, and Li (2004), Annika, (2008) ; while a number of other studies have found no significant variation in efficiency between public and private hospitals, Sari (2003) and Tiemann&Schreyögg(2009) . A lot is yet to be uncovered and the need for more empirical works on efficiency is therefore required to contribute to the existing literature.
METHODOLOGY
This study employs the method of Data Envelopment Analysis (DEA) to estimate the technical efficiency of public hospitals in Cameroon. DEA is a nonparametric technique originally developed by Chames, Cooper and Rhodes (1978) to evaluate the performance of non-profit and public sector organizations often referred to as Decision Making Units (DMUs) in efficiency studies. These DMUs perform the same function by employing multiple inputs to produce multiple outputs. This method employs linear programming in its methodology that makes it a particularly powerful technique when compared with other productivity measurements. DEA is most important in situations where there are multiple outputs and inputs, which cannot be readily analysed with other techniques like ratios, and where the number of DMUs being evaluated is so numerous that management cannot afford to evaluate each unit in depth. Mathematically, when a DMU employs only one input and produce a single output, efficiency is simply measured by; Efficiency = Most DMUs however employ more than one input in the process of their production and also produce multiple outputs. The equation specified above is usually then modified to consider the multiple inputs and output characteristic of the DMU by reducing these inputs to a single input and output as presented below (Meryem, 2000) ; Efficiency = , the maximisation problem is then set as follows, Coefficient or weight assigned by DEA to input i DMUs with an efficiency score of 1 are qualified as best "practice frontier" and thus provide a benchmark which allows a reference for judging other DMUs that obtain efficiency scores of less than one. One major problem often faced by researchers with the formulation stated above is that the relative weights needed to value inputs and outputs are not often available. Without these weights, ratio analysis may be only marginally helpful and possibly misleading in multiple-output, multiple-input applications. This inability to identify relative weights for different inputs and outputs limits the ability to use operating ratios to gain insights into ways to manage and improve performance. DEA has the ability to analyse relative performance when such weights are not available making it particularly effective in service environments where these weight are not available like hospitals. Therefore -the ability to incorporate multiple inputs and outputs in their natural units without knowledge of the relative weights -makes DEA uniquely suited for evaluating many services like those of hospitals.
Efficiency level of public hospitals in this study was examined in terms of their ability to use minimum (fixed) quantity of resources to produce as much output as possible (CRS). This is because public hospitals are usually provided with a fixed quantity of resources and are expected to produce as much output as they possibly can. This is an output based measure of technical efficiency score (output orientation) of a health facility. However, it has been reported that the choice of the orientation (input or output orientation) has only a minor influence upon the efficiency scores obtained (Coelli, Prasada, O'Donnel, & Battese, 2005) . Further, a number of iterations were performed to investigate how sensitive efficiency scores are to an increasing number of hospital activities. Second, the difference in efficiency levels of Sub Divisional Medical Centres, Integrated Health Centres and District Hospitals as well as the difference in efficiency levels between Urban, Semi-urban and Rural health facilities were carried out using One-way analysis of variance (ANOVA) method with post hoc comparisons. DEAPv2.1 developed by Coelli (1996) was used to estimate the efficiency scores for public health facilities and SPSSv20 was used to perform the analysis of variance.
Analyses in the study employed secondary data based on the first Public Expenditure Tracking Survey (PETS1) jointly carried out in Cameroon by the World Bank and the National institute of Statistics. The aim of the survey was to collect information on the health sector at the frontline level, including resource use, delivery processes, services, staff and patient behaviour and characteristics. Data were collected using questionnaires administered to health regional delegates, medical doctors, and heads of health centres, health employees and patients (Njong & Ngantcha, 2013) . The current study utilises panel data for 109 health facilities observed for two time periods i.e. 2002-2003. However, "there exist a lot of controversy regarding the choice of the appropriate input and output variables because of the special characteristics of health industry and the difficulties in measuring the final output of health care provision, The final production outcome of this industry, that is "health improvements", is heterogeneous, multiple and it does not occur in discrete units. Thus, it is difficult to measure and at the same time take into account the quality of the health care service output. Consequently, a significant proportion of variability exists in the chosen input and output sets between different studies" (Maniadakis et al., 2009 ). However, the inputs and output variables included for this study were selected based on what has been widely used in most empirical works. 
Table1.1. Definitions of Variables

RESULTS
The aim of the study was to assess the efficiency level of public hospitals in Cameroon. The study specifically employed DEA to estimate the technical efficiency of public hospitals and One way analysis of variance method with post hoc comparison to estimate the differences in efficiency showing an increase in the number of health facilities assigned to the frontier. The average efficiency score tend to be increasing with an increasing number of hospital activities as shown by the varying efficiency scores for models 1-7. The table also presents corresponding VRS efficiency scores for the same estimations and it can generally be observed that that the VRS efficiency scores are higher than the CRS efficiency scores and more health facilities tend to fall on the frontier under the VRS technology than under the CRS technology Our findings show that there exists a lot of inefficiency within public health facilities in Cameroon.
Considering the results for model 4, the findings show that the health facilities as a group had costs that were 42.83 per cent higher than they would be, had they all been fully efficient in 2002 and in 2003, the findings also showed that health facilities as a group had cost that was 39.02 per cent higher than it would have been, had they all been fully efficient, implying a decrease in cost between the two time periods. The cost was however lower with the VRS technology
In at least four studies, public hospitals were found to be inefficient, Wouters (1993); Zuckerman, Hadley, and Iezzoni(1994); Ferrier and Valdmanis (1996); Chang, Chang, Das, and Li (2004), Annika, (2008) ; However, quite a number of studies have shown that public hospitals are more efficient than those in private sector, Ozcan, Luke, and Hakseve (1992); Burgess and Wilson (1996) ; Koop, Osiewalski, and Steel (1997) ; Chirikos and Sear (2000); McKay, Deily, and Dorner (2003) ; Sari (2003) and Tiemann&Schreyögg (2009) found no significant efficiency differences associated with ownership. It can therefore be concluded here that much is still left to be done.
We herewith performed seven different iterations with varying hospital activities to test the sensitivity of DEA efficiency scores with variations in hospital activities. Following our sensitivity analysis results (Table 1. 2), it was observed that as more variables were progressively added to the model, (i) an increasing number of hospitals obtained an efficiency score of 1; (ii) the average efficiency score for health facilities was increasing; and (iii) the variance in efficiency scores was decreasing, these findings were consistent with those of Jacobs et al., (2006) Source (Researchers,' 2015) A one-way between-groups analysis of variance was conducted to explore the impact of location of health facility on efficiency scores. Health facilities were divided into three groups (Group 1: Urban; Group 2: Semi-urban; Group 3: Rural). There was a statistically significant difference in efficiency scores at p<0.05 for the three groups [F(2, 215)= 13.370, p= .000].The actual difference in mean scores between the groups was quite large, as guided by the calculated eta squared(effect size) of .11 [Cohen, 1988] . Post-hoc comparisons using the Tukey HSD test indicated that the mean efficiency scores for Rural(M=.48, SD=.30) significantly differed from Urban (M=.73, SD=.34) and Semiurban(M=.68, SD= .33) health facilities; there was no significant difference in efficiency scores between urban and semi urban health facilities.
Efficiency scores for urban health facilities in 2002 taken as a group was 72.27 per cent; 64.13 per cent for semi-urban hospitals and 47.13 per cent for rural health facilities. 15 of the 28 urban health facilities were efficient, 8 of the 23 semi-urban health facilities were efficient while only 8 of the 58 rural health facilities were efficient. In 2003, the average efficiency score for urban health facilities under the CRS assumption was 74.84 per cent, 71.5 per cent for Semi-urban health facilities and 50.1 per cent for rural health facilities; 14 of the 28 urban health facilities, 9 of the semi-urban health facilities, only 9 of the rural health facilities were efficient. The findings show that the health facilities as a group had costs that were, respectively 27.73 per cent, 35.87 per cent and 52.87 per cent for urban, semi-urban and rural health facilities respectively following the CRS assumption in 2002 and in 2003, the health facilities had costs that were 25.16 per cent, 28.5 per cent and 49.9 per cent for urban, semi-urban and rural health facilities respectively higher than what it would have normally costs them had they been fully efficient.
Our empirical evidence therefore suggests that under either scale assumption, rural health facilities were generally less efficient than semi-urban health facilities and urban health facilities respectively. This can be explained by the large investments made to modernize hospital infrastructure in urban centres, accessibility of health facilities and availability of human resources as most young people tend to prefer working in the urban areas of the country. Urban health facilities also have many patients to attend unlike in the rural areas where most people may prefer to use traditional methods of treating themselves. Weisgrau (1995) and Rizzo(1991) reported that there are a lot of differences between rural and urban markets, first, there is a vast difference in the composition of their respective markets, market competition characteristics in urban markets are notably different from those in rural health care markets; further, rural health facilities are generally smaller with lower occupancy rates, a declining and dispersed geographic patient base, they offer fewer specialised services and very little revenue is generated from patient care in the rural areas. 
CONCLUSION
This study investigated the efficiency level of public hospitals in Cameroon using panel data for 109 health facilities covering a period of two years (2002) (2003) . Property right theories and agency theories were reviewed as these theories help explain the performance of public institutions. The study specifically employed Data Envelopment analysis to estimate the technical efficiency of public hospitals in Cameroon and one way analysis of variance test with post hoc comparisons to estimate the difference in efficiency between hospitals by type(Sub Divisional Medical Centres, Integrated Health Centres and District Hospitals) and by location(Urban, Semi-urban and Rural Health Facilities).
The efficiency levels of the hospitals were examined in terms of their ability to use minimum (fixed quantity) of resources to produce as much output as possible. This is because public hospitals are usually provided with a fixed quantity of resources and are expected to produce as much output as they possibly could. This is an output based measure of technical efficiency score (output orientation).
In order to strengthen the performance of hospitals in their provision of healthcare services in Cameroon, policy makers need information on efficiency which shows how well the health facilities are using the resources. This study has shown how DEA methods can be applied to gain insight into variation in efficiency over time. The findings provided technical efficiency scores in Urban, Semiurban and Rural areas as well as Sub Divisional Medical Centres, Integrated Health Centres and District Hospitals for two years. These combined efficiency scores indicated which health facilities and at what location are more and less efficient in providing health services Our results revealed that there is mass inefficiency within Cameroons public hospitals and as a consequence, health facilities incur higher cost of operation than if they had been fully efficient; further, CRS efficiency scores were generally lower than VRS efficiency scores, an increasing number of hospitals were obtaining an efficiency score of 1 with an increase in hospital activity; the average efficiency score for health facilities was increasing and the variance in efficiency scores was decreasing with an increasing number of hospitals activities. Rural health facilities were generally less efficient than semi-urban and urban health facilities while Integrated Health centres were less efficient than Sub Divisional Medical Centres and District Hospitals respectively.
From the results, we suggest that the Ministry of Public Health should put in more efforts geared towards ensuring an increase in the overall efficiency by developing policies and procedures to control the wastage of valuable input resources, training and recruiting more qualified medical personnel. While the government continue to explore other alternative health financing options as indicated in the Vision 2035, efficiency improvement should be considered as one of the strategies for mobilizing more domestic resources.
